The literature on distal humeral supracondylar fractures does not systematically define relationships between patient characteristics and the severity or complications of these injuries. This study evaluated age, sex, height, and body mass index (BMI) in relation to fracture severity and posttreatment complications in a pediatric population.
D
istal humeral supracondylar fractures account for 17.9% of all fractures in pediatric populations, making them the second most common pediatric fracture.
1 Supracondylar fractures constitute approximately 60% of all elbow fractures. [1] [2] [3] Extension-type injuries, which result from force applied to a fully extended elbow, are reported in 99% of supracondylar fractures. 4 These injuries are most commonly caused by falls (70%), most frequently occur between July and November, and occur in the nondominant arm in 61% of patients. 1, [4] [5] [6] Several studies have established the median age at injury is between ages 3 and 8 years, whereas reports of sex predilection vary. 1, [3] [4] [5] Nerve injury, typically of the median or ulnar nerves, is found at presentation in 5% to 14% of patients. 4, 5, [7] [8] [9] [10] Vascular compromise is noted in 7% to 10% of patients and is associated with an increased compartment syndrome risk. 4, 5, 7, 11, 12 The Gartland classification system for distal humeral supracondylar fractures is the most commonly used classification system in clinical practice. 13, 14 Classifications for extension-type fractures are as follows: type 1 are nondisplaced (30% of all fractures), type 2 have an intact posterior hinge (24%), and type 3 are completely displaced (45%). 4, 14, 15 To determine the urgency of reduction, it may be useful to subdivide type 3 into type 3-uncomplicated and type 3-complicated according to whether concomitant neurovascular injuries exist at presentation. In practice, type 2 and 3 fractures are treated with closed reduction and pinning in 85% to 94% of pediatric patients. 5, 16 Questions remain regarding the epidemiological trends related to distal humeral supracondylar fractures in pediatric patients. The purpose of this study was to investigate the relationships between demographic risk factors, fracture severity, and posttreatment complications in pediatric distal humeral supracondylar fractures. The hypothesis was that certain demographics, particularly age and body mass index (BMI), predisposed adolescents to the severity of their injury and to posttreatment complications. patients were excluded because they were examined following definitive treatment at another institution, sustained a flexiontype fracture, or the treatment provider did not assign a Gartland classification. Therefore, the study included 382 patients. Variables collected included age, sex, height, weight, injury mechanism, fracture severity (Gartland classification type 1, 2, or 3), treatment, follow-up duration, and posttreatment complications. Fracture treatment groups included immobilization with casting and splinting, closed reduction with percutaneous pinning, and open reduction and internal fixation (ORIF). Body mass index was calculated from height and weight. Body mass index-for-age percentile was calculated using the Centers for Disease Control and Prevention's Children's BMI Tool for Schools.
Materials and Methods
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Descriptive statistics were calculated for all collected data elements. Analyses of variance were used to compare fracture severity with age, height, BMI, and BMI-for-age percentile. Chi-square tests of independence were used to compare fracture severity (Gartland classification) with sex. Independent groups t tests were used to compare patients with and with- Treatment consisted of immobilization via a long-arm cast in 49.2% of patients, closed reduction with percutaneous pinning in 44.2%, and ORIF in the remaining 6.6%. Of the type 2 fractures, 14.5% were treated with immobilization, 84.5% with closed reduction with percutaneous pinning, and 1.0% with ORIF. Type 3 fractures were treated with closed reduction with percutaneous pinning in 76.9% of patients and with ORIF in 23.1%; none were treated with immobilization alone.
In patients with posttreatment complications (n523), mean time between fracture treatment and complication presentation was 3.42 months. The most common findings were reduced range of motion (n55), flexion contracture (n54), radial nerve impairment (n53), ulnar nerve impairment (n53), and cubitus varus deformity (n53) (Table 3; Figure 2 ). A total of 7 patients sustained 8 neurological complications, which were only noted after treatment; no vascular complications were noted. Mean follow-up for patients sustaining posttreatment complications was 10.43 months. Complication details are shown in Table 4 . Posttreatment complication occurrence rates did not differ significantly according to age (P5.055), sex (P5.588), height (P5.051), BMI (P5.217), or BMI-for-age percentile (P5.070). According to Gartland classification, more severe fractures were associated with significantly more posttreatment complications (P5.001). Posttreatment complications with respect to demographics are shown in Tables 5 and 6 .
discussion
To the authors' knowledge, this is the first study that analyzed patient demographics and their relation to the severity and posttreatment complications of extension-type distal humeral supracondylar fractures in a pediatric population. Type 3 distal humeral supracondylar fractures occurred in older children compared with those sustaining less severe fracture types (5.8 vs 4.8 years, respectively; P5.002). Current patient age range was consistent with the ranges reported in previous studies conducted in the United States. 5 According to 2010 data from the US Census Bureau, children aged 5 to 6 years are twice as likely to be enrolled in a school setting as those aged 3 to 4 years (94% vs 53%, respectively). 18 Increased fracture risk is a known result of elevated activity levels, decreased parental supervision, and public playground activity, all of which may increase once a child reaches school age. [19] [20] [21] Distractions occurring during social play and the experimentation that accompanies the learning of new skills may also contribute to an increased fracture risk. Therefore, school-age social development may explain the current findings of peak injury frequency between ages 5 and 6 years, as well as the increased fracture severity at these ages. However, posttreatment complication rates did not vary by age (P5.055).
Similar to previous studies, 1,3,4 the current authors observed a rapid decline in supracondylar humeral fracture frequency after age 6 years. The decline in fracture frequency may be attributed to continued growth without dramatic behavior change, as might be observed when a child begins attending school. As age increases, so do bone mineral density and bone mineral content. 22, 23 Greater bone mineral density and bone mineral content have been reported to reduce fracture risk in pediatric populations. 24, 25 In addition to age, mean height also varied according to fracture severity. Patients who sustained type 3 fractures were significantly taller than patients with less severe injuries (P5.006). A previous cohort study by Jones et al 26 reported that taller height during childhood is associated with increased rates of wrist and other fractures. However, to the current authors' knowledge, this is the first article to establish a specific correlation between patient height and supracondylar humeral fracture severity. Many explanations exist for this relationship. During rapid growth periods, corresponding increased boneremodeling results in decreased bone mineral density. 27 Decreased bone mineral density in a pediatric patient results in a weakened, fracture-prone skeletal structure. 24, 25 Larger children are more likely to fall and sustain a fracture, owing to the tendency for bony growth to outpace the development of coordination and balance. 28 Behavior may also play a role. Taller children may be perceived to have an athletic advantage, drawing them into physical activity with older and skeletally more-mature individuals, and potentially placing them at increased risk of injury. 26 Finally, as height increases, so does the force at which a patient lands on an outstretched arm. It is this force, translated to the distal humerus, that is ultimately responsible for the supracondylar fracture. 13 The current authors observed a nearly equal fracture occurrence between boys and girls (1.03:1.00). The data support similar studies, suggesting that male populations no longer have the higher fracture incidence that was historically present. 1, [3] [4] [5] 13 Moreover, neither fracture severity nor posttreatment complications differed significantly between boys and girls (P5.369 vs .588, respectively). Body mass index was also examined in this study. Pediatric obesity rates in the United States have been increasing over the past few decades, with approximately 17% of citizens under age 19 years classified as obese. 29 Orthopedic problems, including fractures, are associated with obesity in pediatric populations. 30, 31 The mean BMI-for-age percentile in the current study population fell into the normal range (less than 85%) at 64.48630.81, with 21.4% of patients considered obese. According to the Centers for Disease Control and Prevention, overweight and obese children tend to be less physically active. 32 Because most of these fractures (95%) were sustained during physical activity, it is logical that most of the current patients had normal BMIs. The most frequent injury mechanism (falls) was consistent with the literature.
1,4,5 However, BMI (P5.161) and BMI-for-age percentile (P5.652) did not significantly affect fracture severity. Also, posttreatment complication rates did not vary by BMI (P5.217) and BMI-for-age percentile (P5.070). Thus, these data suggest that distal humeral supracondylar fractures are less common but not necessarily more severe or more complicated in children who are obese, perhaps due to injury mechanisms.
In the sample population, 18 patients presented with 20 fracture-associated injuries. The presence of both neurological injuries (3.4%) and vascular injury (0.3%) was lower than in other reported studies. 4, 5, [7] [8] [9] [10] [11] [12] Seventeen of the 18 patients exhibiting these associated injuries had sustained type 3 fractures.
A long-arm cast was the treatment of choice in 49.2% of patients (99.4% of type 1, 14.5% of type 2, and no type 3 fractures). Closed reduction with percutaneous pinning accounted for the treatment in 44.2% of patients (0.6% of type 1, 84.5% of type 2, and 76.9% of type 3 In an ongoing study at the current authors' institution using a national database, 16% (1040 of 6505 patients) of patients requiring surgical treatment underwent ORIF. The current authors' institution has reported a lower ORIF rate than the national mean, suggesting that initial attempts at treatment using closed reduction and percutaneous pinning are worthwhile. Twenty-one of the patients with type 3 fractures were treated with ORIF due to malreduction. Five patients with type 3 fractures underwent ORIF without attempted closed reduction; 2 had compartment syndrome and 3 sustained preoperative nerve palsy. The type 2 fracture treated with ORIF occurred simultaneously with proximal ipsilateral radial and ulnar fractures that required open reduction. The relative difficulty of each closed reduction could not be assessed from the retrospective construct of the study, other than to use ORIF as a sentinel. In this study, posttreatment complications occurred in 6.02% of patients. The authors defined posttreatment complications as injuries that were first detected following definitive fracture treatment. However, it cannot be assumed that these complications were necessarily iatrogenic. Complete physical assessment prior to treatment is sometimes complicated by the nature of these injuries. Therefore, it is possible that the reported complications existed prior to treatment but were not detected during the initial physical examination.
Cubitus varus deformities were observed in 3 patients following closed reduction. Posttreatment reduction loss was responsible for 1 deformity. The remaining 2 deformities were attributed to the position of the extremity accepted at the time of initial fracture reduction.
As the fracture severity increased, the posttreatment complication rates also increased. Of the 175 patients who sustained type 1 fractures, 1 sustained a posttreatment complication. Following treatment, 5 of 103 patients with type 2 fractures and 17 of 104 patients with type 3 fractures sustained posttreatment complications. The differences between each of the fracture severities and complication rates were statistically significant (P5.001). Increased fracture severity may ultimately necessitate a more invasive treatment, which increases the potential for iatrogenic injury. 13 Likewise, a more severe fracture may diminish the thoroughness of the initial examination, thereby resulting in concomitant injuries only being discovered after the fracture has been addressed. Of the children who underwent closed reduction with percutaneous pinning or ORIF, the incidence of postoperative complications was 5.76%. Overall, the number of patients sustaining neurological complications (1.83%) was less than other reported averages. 8 The construct of the current study allowed patients to be This study may be somewhat limited by the extent of the reliability of Gartland classification that was used to determine fracture severity. Although some literature suggests that classifying supracondylar humeral fractures based on displacement grading is more reliable than traditional classification systems, most orthopedic surgeons continue to determine the treatment approach based on Gartland type. 15, 33 However, the Gartland classification exhibits only fair to moderate intraobserver reliability, with 10% of repeat readings by the same observer yielding a different classification. [34] [35] [36] [37] Preferred treatment recommendations based only on Gartland classification differed between surgeons in 35% of patients. 35 Treatment recommendations based solely on Gartland and other classification systems are imprecise; therefore, a call has been made for additional considerations when making treatment decisions. [34] [35] [36] [37] Identifying significant risk factors for the occurrence, true severity, and complications of pediatric supracondylar fractures may aid clinicians in making treatment decisions. The current sample size and single institution population may also somewhat limit this study; however, they provided the authors with the ability to collect all necessary data for each patient, including unlimited access to all follow-ups that occurred. Further studies should focus on BMI trends with respect to supracondylar fractures on a larger scale and in more diverse populations.
conclusion
Children aged 5 to 6 years and those who were tall compared with their peers were at the greatest risk for sustaining more severe fractures (ie, Gartland type 3 fracture). Children with more severe fractures are at greatest risk of posttreatment complications. Patient age did not affect posttreatment complication rates. Body mass index-for-age percentile, BMI, and sex did not significantly affect fracture severity or posttreatment complication rates. Patient age and height should raise clinical suspicion regarding the presence and severity of these injuries when patients present with appropriate symptoms. 
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